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PROPELLANT SYSTEM AND THRUST CHAMEER ASSEMBLIES

REACTION CONTROL SUISYSTEM,

ILUNAR. EXCURSION MODULE APOLLO SPACECRAFT

1. SCOFE
11 %c_% - This specification outlines the requirements
or the Propellant System and Thrust Chamber Assemblies

(PS/TCA) to be used on the bipropellant Reaction Control
System of the Lunar Excursion Medule {IEM), Apollo '
Spacecraft.

1.2 Clsgsification. - The Propellant System and Thrust
Chamber Assemblies as shown schematically in Figure I
shall consist of:

(a) Sixteen (16) radistion cooled thrust chamber assem-
blies. Each agsembly shall conslst of a thrust
chamber with fuel and oxidizer solenoid valves
(thrust cheamber vdlves). The thrust cheamber assem~
blies are grouped in clusters of four and extermally
mounted on the IEM vehicle.

(b) Propellant control components, including; £111 and
vent dlsconnect couplings, burst discs, filters,
and solenoid almtoff valves,

(¢) Two oxidizer and two fuel tanks with positive
expulsion bladders.

(d) Instrumentation as required.

NOTE: All propellant lines external to component
packages as specified in Specification Control
Drawing LSC-310-100 (Figure 6) wiring harness
and crossfeed valves will be provided by
Grumman . :

Eng-278C EDP Sheet No.
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2.

2.1

APPLICABLE DOCUMENTS

General. - The following documents of the issue in effect
January 14, 1963 form a part of this specification only
to the extent specified herein:

SPECIFICATIONS

Military
MIL~B-5087

MIL-S-7T42
MIL-P-26539
MIL-P-27h02

STANDARDS

Military
MIL-STD-130

MIL-STD-202
MIL-STD-T0k
MIL~STD-810

Grumman Documents

ISP-14-2

Bonding; Electrical {for Aircraft)

Screw Threads, Standard, Optimum

Selected Series, General Specifie
cation for

Propellant, Nitrogen Tetroxide

Propellant, Hydragsine, Unlmu'ical
Dimethyl Hydrezine

Identification Marking of U.8.
Militery Property Intermal Threads

Test Methods for Electronic and
Electrical Component Parts

Electrical Power, Aircraft, Charsc-
teristics and Use of

Environmental Test Methods for
Aerospace and Ground Equipnnt

Electromagnetic Interference,
General Specification for

Eng-279C
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2.3

. 3. t
3.1
/3,1.1

3.1.2

SPECIFICATION Date: 5u7=63
Page: 3
2.1 (Continued)
Drawvings
18C-310-100 Specification Control Drawing
2.2 Precedence. - When the requirements of the Purchase Order,

this specification and subsidiary specifications, are in
ccmtlict , the following precedence shall apply:

(a) Purchase Order - The purchase order shall have
precedence over any specificetions.

(b) This Specificetion - Thie specification shall
have precedence over all subsidiery specifications.

Availability of Documents. - Copies of this specification
end other applicable documents referenced herein may be
obtained upon request from IEM Program Data Management,
Grumman Aircraft Engineering Corporation, Bethpage, Long
Islend, New York, Attention: Specifications Group.

REQUIREMENTS
Gemralo -
Drawings and Data Submittal. - All drewings and other

data generated under this specification shall be sube
mitted in accordance with the purchase order.

Deviations. - When the requirements of this specification

.. and any applicable subsidiery specifications cannot be

met the following shall a.pp]y'

(a) Deviations shall be noted in the vendor's propoaa‘.l
documents and brought to the attention of Grumman.

(v) Deviations shall require approval by Grumman
Engineering prior to 1ncorporation 1nto any come
ponent..

‘Eng-279C

‘EDP Sheet No. o
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LSP-310-2

5-7-63

3.1.2

3.1.3

3.2
3.2.1

3.2.1.1

3.2.1.2

3.2.1.3

. 30201-“

(Continued)

(¢) Parts containing unsuthorized deviations shall be
subject to rejection.

Mock-up. - A full scale metal mock-up of all components

shall be provided for assembly at Grumman. Used components
or actual component housings shall be used vherever pog-
8ible. The mock~up shall be kept current with approved
changes. throughout the contract, unless otherwise
authorized by Grumman.

Performance. -

Operating. - The Propellant System and Thrust Chamber
Assemblies (PS/TCA) when pressurized per 3.4.4t, shall
operate within the performence limits specified in the
following paragraphs during and after exposure to the
combined environmental and load conditions specified
in Table II.

Ratings. - The PS/TCA nominal vacuum performsnce ratings
shall be as defined in Table I.

Repeatability. - Repeatability of thrust level and minimum
impulse bit for a given thrust chaember and between
individual thrust chembers comprising the (PS/TCA), shall
be within the tolerances specified in Table I.

Attitudes. - The (PS/TCA) when pressurized per 3.4.:
shall start, operste as required and shutdown in any
attitude under the flight maneuver loeds and conditions
gpecified herein, and under zero gravity conditions.

Ascent Interconnect. - The PS/TCA shall meet all the
requirements of this specification when supplied with
propellants from the LEM Ascent Stage Propulsion System.
These propellants conform to the requirements of para-
graphs 3.k.1.1 end 3.4.1.2 and will be supplied at &

temperature of TOCF hat 30° and a nominal static pressure

Eng-279C

. EDP Sheet No.




SPECIFICATION

Spec. No.__ LSP-310-2

Date: 5-T~63

5

Page:

T

3-2-1.1)"

. 30’2.2

3.2.2.2

3'02:1.5 .

302.1}6‘

3.2.2,1

(Continued)

of 188 + 5 peig. Maximm dynamic pressure loss acrose

- the inmterconnect ‘canpom_ents_ will not exceed 5 psi.

Malfunetion: - The PS/TCA when supplied with speeific
propellants and pressurized in accordence with 3.4.%

shall, under eny single condition of melfunction, start,
operate, ghutdown end yestert in a stable, safe and
relisble manner, or shutdown without presenting e hagzerdous
condition that could cause damage to the PS/TCA vehicle

or occupants. Malfunction conditions shall include, but
not be limited to such events ms elsctrical system failure,
exceesive voltage or frequency fluctuations, severe
combustion instability, fuel or oxidizer leads, operation
at OFF o/F design ratios, and propellants which do not
conform to the requirements of 3.4.1.1 and 3.4.1.2 berein.
A malfunction analysis shall be performed by the vendor
early in the development program. A malfunction asnalysis
¥eport shall be submitted 1in accordance -with the purchase

) order. . ’

Dut . - The nominal duty cycle shall be as shown in
Tab - ]

Life, o

Operating Iife. - The PS/TCA shall be capable of accomplishe

‘ing the nominal mission duty cycle (Table III) at any time

within & period of 1l days under the envirommental and loed
conditions specified in Table II, Part (e). During the
pre-launch period, the PS/TCA shall be serviced and tested
in eccordance with approved procedures and shall yequire

no additional servicing during the 1h deys operational
period.

Thrust Chamber Operafing Life. « Each thrust chamber

shall have a minimum operating life as shown in Tuble

T following final acceptance teet at the vendor's
facility. .

“Eng-219C
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3.2.2.3

3.2.2.4

3.3
3.3.1

3.3.11

3.3.1.1.1

Storage Life. - The PS/TCA ghall be capable of operating
ag¢ required after being subjected to permenent storage
for five years with necessary periodic maintenence.
Storage life 18 a design criterlon only and does not
require demonstration. No permanent weight shell be
added to the PS/TCA to meet these requirements,

Frequency of Operation. - Satisfactory operation shall be
required after a non-operating period of 2 years under
the enviromnment conditions of Table II, Part (a), followe
ing acceptance tests. ‘

Design. -

General. - The PS/TCA shall be designed to meet the environ=-
mental and load criterie of Table II, in addition to the
self generating loads incurred in meeting the specified
performence. Design load envelopes shall be established

by superposition of rationally deduced critiecal loads for
all ground and operational conditions and shall include
cumulative effects, as well as simultaneous loadings.

Safety Factar. - Factors of safety must be applied to the
levels of Table IT as well as to the self-generated loeds
of the PS/TCA. Rational allowance shell be made and incore
porated in these loads for stress concentrations, fatigue
loading and dynamic response. For steady loads or accelera-
tions and for shock loading, the ultimate factor of safety
is 1.5. For vibratory loads the ultimete factor of safety
for g or D.A, 1s 1.3, g°/cps 18 (1.3)2, For pressure
vessels, when pressure is applied as a singular load, the
proof factor is 1.33 and the factor is 1.5. For

‘pressurized units such as the control valves and valve

actuators, the proof factar 1g 2.00 and the ultimete factor
is 3.00. For combined loedings, the ultimate factor of
gafety 18 1.5 except that when pressure effects are
relieving, pressure shall not be used.

Vibration Amplification Factor. - The PS/TCA shall suffer
no detrimental effects when exposed to the input vibretion
conditions specified on Teble II. For design, the
envirommental condition on Teble II shall be multiplied
by the appropriate factors specified in parsgraph 3.3.1.1.

_ Eng-278C
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SPECIFICATION Date: ___5=T=63

Page: 1

3.3.1.1.1 (Continued)

The vibrational motion emplification factor on any
portion of the equipment shall be limited to a meximum
of 10 vhere not already limlted to a lower value by
other design requirements. This emplification factor
is defined as the total displacement of any point on
the item under test divided by the displecement of the
input device. This criteria shell be substantiated
during development testing. In cases where this require-
nent appears difficult to accomylish, Grumman shall

be consulted for direction before proceeding with the
degign development.

3.3#1-2 2_1_:2 Weiﬂz P

(a) The vendor shall endeavor to produce the lightest
practical Propellent System and Thrust Chamber
Assemblies capable of meeting the requirements of
this specification. ’ '

{vr) The specification meximum dry weight shall be
as shown in Table IX.

(¢) The vendor shall establish and meintain a weight
'~ control program 88 outlined in the purchase order
to insure that ‘the maximum weight is not exceeded.

3.3.1.3 Moment of Inertis and Center of Gravity. - The vendor
shall determine the center of gravity location and moments
of inertias of all components and essemblies.

3.3.1.4 Overall Dimensions. - The overall dimensions of the PS/TCA
components shaell not exceed the space envelope as specified
in Specification Control Drawing LSC-310-100 (Figure 6).

3.3.1.5 Contamination. - The PS/TCA shall be designed to operate
and meet all the requirements of this specification with
8 contaminant level thet may result from the propellants
of 3.4 and the environment encountered during assembly,
‘disassembly and packeging for shipment.

Fng-279C
EDP Sheet No.
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SPECIFICATION Date:  5=1-63

Page: 8

3.3.1.6

3.3.2
3.3.2.1

3.3.2.1.1

3.3.2.1.2

Interchangeability. - The following components shall be
designed for physicael and functional interchengesbility
(in accordance with the definition of Section 6).

(a) Thrust chamber assemblies

(b) Thrust chember cluster assemblies (4 thrust chamber
assemblies)

(e) Propellant section control components as specified in
3.3.2.3.

(4) Propellant tanks

NOTE - If above components are connected by a
brazing technique they are defined as
replaceable in accordance with the definition
of section 6.

Cmnggnents . -

Thrust Chamber Asgemblies. - Radiation cooled thrust
Cchambers shall be assembled in clusters of four (4) each
as shown on Specification Control Drawing ISC-310-100.
Each thrust chamber shall include two separate, normally
closed, solenold actuated valves, one for the fuel and one
for the oxidizer.

Shielding end Insulation. - It shall be the vendor's respons-
ibility to provide shielding and thermal insulation of the
clusters as mounted on the LEM vehicle, to insure

adequate thrust chamber operation under the environments
specified in Table IT.

Limiting Zone Temperature. - The thrust chamber assembly
shall be designed to meet the performance requirements of
this specification with an increase in propellant temperature
upstream of the thrust chamber propellant valves as a

result of thrust chamber operation or post-run heat soak-

‘back.

Eng-279C
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/ Page:

3.3.2.1.3

3.3.2.2

3.3.2.2.1

3.3.2.2.1.1

3.3.2.2.2

3.3.2.2.3

Pressure. -~ At the operating temperature, the thrust chamber
assembly shall be capeble of withstending the proof
pressure without yielding, leaking or malfunctioning

and shall withstand the ultimate pressure without structural
fallure.

(a) Design pressure to be determined by vendor.
(b) Proof pressure to be determined by vendor.
(¢) Ultimate pressure to be determined by vendor.

Propellant Tankage. - The propellant system shall incorporate
two oxldizer tanks and two fuel tanks conforming to Specifica-
tion Control Drawing ISC-310~-100. Tank materials shall be
selected to provide maximum compatibility with the epecified
propellents and helium pressurant or mixtures thereof and
shall be subject to Grumman approval.

Bladders. ~ Bladders shall be incorporated in all _
propellant tenks for positive expulsion and shall be capable
of 50 eycles through a propellant temperature range of +4OOF
to +1000F, The effect of cold helium pressurant shall be
taken into consideration. Bladder materials shall be selected
for minimm permeability, and maximum compatibility with the
specified propellants and helium pressurant or mixtures there-
of and ghall be subject to Grumman approval.

Differential Pressure. - The bladder and port design shall
be such that neither 200 psig in the propellant compert-
ment with zero psig at the helium inlet, nor 200 psig
helium pressure with zero psig at the propellant outlet’
will cause expulsion device failure or damage.

Capacity. - The total usable cepecity of the propellant
ranks shall be as specified in Table I.

Expansion Space. - The volume of the propellant compartment
with the bladder installed shell provide for the capacity
as specified in 3.3.2.2.2 sbove, at a temperature of 65°F
and 30 psig and an expansion space that permits a propellant
temperature rise to 100°F without opening the burst disc.

¥ To be determined by vendor.

Eng-278C

EDP Sheet No.




Spec. No. LSP-310-2

3.3.2.2.5
3.3.2.2.6

- 3.3.2.3

3.3.2.3.1

psig.

SPECIFICATION Date: 5-7-63
10
Page:
3.3.2.2.h Pressure. - The nominal tank pressure shall be 181 + 4

Each tank shall be designed for a meximum expechad

operating pressure (MEOP) of 250 psig and shall withstand
propellant £ill preparation pressure of 28.0 inchee of
mercury at the propellant port with the helium port
vented.

Factor of Safety. - The tank proof pressure shall be

1.33 times the MEOP. The ultimate pressure shall be
1.5 times the MEOP.

Endurance Cycling. - The tank shall be designed to with=
stand 3000 pressure cycles from zero to nominal tank

preggure to zero.

Propellant Section Control Componentg. ~ The propellant

sectlon control components types shall be as follows
(See Figure 1):

(a)
(b)
(e)
(a)

(e)

()

: Propeilant £111l and vent disconnect couplings

Burst disc aseembliea
Filters

Main Propellant Shut-off valves (solenoid-latching
type)

Thrust Chember Assembly Isolation valves (aolenoid-
latehing type)

Ground test points and instrumentation as réquired
in 3.3.4.

Pregsure, - Each pressurized component shall be capable of
withstanding the proof presgsure without ylelding or leaking
and shall withstand the ultimate pressure without structural
failure.

Eng-279C
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Page:

3.3.2.3.1

3.3.2.3.2

3.3.3
3.3.3.1

3.3.31}.1

3.3.3.1.2

3?3'3-1-3

(Continued)
(a) Proof pressure 2.00 times the MEOP.
() Ultimete pressure 3.00 times the MEGP.

Propellant Lines. - All propellant lines external to

component packages ag specified in Specificatién Control
Draving ISC-310-100 will be furnished by Grumman. Flow
characteristics of these lines will be provided by Grumman.
Electrical. -

Electrical Power. - Electrical power will be supplied to

all components (maln propellant shut-off vslves, thrust
chamber isolation valves, thrust chamber cluster
assemblies) by Grumman.

Voltege. - All components shall meet the requirements of
this gpecification when operating within the voltage range
of 24 to 32 volts d-c.

Emergency Voltage. - All components shall be capable of
emergency operation with the voltage range of 20 to 32
volts d=c.

Power Requirements. =

(a) The total electrical power input to each main
propellant shut-off valve shall not exceed
* watts,

(b) The total power input to each set of four (L)
thrust chember isolation valves shall not exceed
* ' vatts.,

(c) The total power input to each thrust chamber cluster
.assembly shall not exceed ¥ wetts.

*To be supplied by the vendor

Eng-278C
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SPECIFICATION Date: 5-T=63

3.3.3.2

3.3.3.2.1

3.3.3.2.2

'3.3.3.2.3

3.3.3.1_.3'

(Continued)

(a)

The power requirements for operation of the above
units shall be established by the vendor. A power
utilization analysis shall be performed by the
vendor. This analysis shall take into considera~
tion power consumption, reliebility, welght, design,
performance and electromagnetic interference. The
analysis along with completed Form L3K-390-102T
shall be submitted to Grummsn for approvsl. When
approved the power requirements shall become & part
of this specification. Data shall be sutmitted in
accordence with LVR-310-2, Section E, '

Electrical Circuit Design. - The electrical circuit design

including instrumentation shell meet the performance and
design requirements of this specification.

(a)

(v)

(c)

Electrical bonding shell be provided in accordsnce
with MIL-B-5087.

An electrical return wire shall be utilized in all
electrical components forming part of the PS/TCA.

All electrical elements shall be electrically
isolated from their houeings.

Electromagnetic Interference. - No component shall cause

electromagnetic interference beyond the lim:lts gpecified
in Specification ISP-1h-2,

o)

2lectrical Component Design. - All electrical components

including instrumentation shall be designed for the

service and the environmental conditions (in 3.5 and.
Table II) of this specification.

Dielectric Strength. - Electrical components excludiug

instrumentation shall withstand without electrical
breakdown a dielectric voltage in accordance with
MIL-STD-202, Method 301, except that the details shall

‘be specified in the individual comporent specification.

Eng-279C
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Page: 13
'3.3.3.2.4 Insulation Resistance. - Electrical comyoﬁents excluding |

ingtrumentation shall maintein & minimum isolation :
resistance in accordance with MIL-8TD-202, Method 302,

the details of which shall be specified in the individual
component specificetion.

3.3.3.2.5 Ignition Proof. - Electrical components including instru-
’ mentation or operation of same shall not ignite any
explosive mixture surrounding the PS/TCA (i.e., hydrogen
and oxygen).

3.3.3.2.6 Fail-Safe Provisions. - Failure of electrically operated
components forming part of the PS/TCA shall not propagate
sequentially. Design shall fail safe.

3.3.3.3 Electrical Wiring. - The installation of wiring and
viring devices used for the electrical componente in
the PS/TCA shall meet the functional and envirommental
requirements as set forth by this specification.

3.3.3.3.1 Wiring Internal to PS/TCA Units (Clusters and Canpomnt_). -
Inte al wviring shall be installed to:

(a) Provide accessibility for inspection and meintenance.
(v) Minimize the possibility of damege.

(¢) Prevent chafing and provide protection when wires
" or cables are routed.

(d) Provide eepe.ra,tion of wires or cebles from lines
containing propellants.

(e) Minimize the radius of bend to ten (10) time the
outside diameter of the cable or wire.

(£) Minimize excessive slack.

(g) Effectively eliminate electromagnetic interference
to the limits specified in Specification LSP-1h4-2.

. Eng- 278C
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'3.3.3.3.1

3.3.3.4
3.3.3.4.1

3.3.3,;#.2
3.3.3.k.2.1

3.3.3.k.2.2

(Continued)

(h) Secure wires and cables when routed through structural
members.

(1) Prevent mechanical strain that would tend to break
the conductors and/or the connections.

(3) Wires and cables shall be supported at suitable
intervals to prevent excessive movement under all
vibration conditions.

Electrical Connections. - Wiring from each component shall
pigtail from the component to a connector.

Component Connection. - Electrical connections within each

component shall be welded, brazed or soldered.

PS/TCA Components and Cluster Wire Connections. -

Main Propellant Shut-Off Valve. - Wires from the main pro=-
pellant shut-off valves shall be pigtailed to & length of
#* feet. (length and end preparation
shall be specified by Grummen at a later date.)

Thrust Chamber Isoletion Valves (Set of Four). - Wires from
the components contained within this unit shall be brought
out to two conmectors. Wires essociated with one fuel and
one oxidizer valve shall be brought out through one
connector and wires associated with the remaining fuel and
oxidizer valves shall be brought out through the second
connector (this is a typical arrangement for all four
units). Location and type of connector shall be ‘specified
by Grummen at a later date.

*To be supplied by the vendor
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3.3.3.4.2.3

3.3.3.5
3.3.3.6

3.3.3.7

3.3.4

3.3.k.1

Thrust Chamber Cluster Assembly. - Wires from the Thrust
Chamber Assemblies contained within this cluster shell be
brought out to two connectors. Wires assoclated with
two (2) thrust chamber assemblies shall be brought out
through one connector and wires associated with the
remaining two (2) thrust chember assemblies shall be
brought out through the second eonnector. (This is

a typical arrangement for all four (4) clusters, (Ref.
Figure 3)). Location and type of connector shall be
specified by Grummen at a later date.

Wires end Cables. - The wire and cable used shall be
suitable for continuous operation et 600 volts rms
maximum et the environments specified in Table II.

Instrumentation Wiring. - Instrumentation wiring shall
be separate from the functional wiring and shall be
specified by Grumman at a leter date.

Thermal Design. - A prime consideration in the design of
ell electrical and electrically operated devices shall

be the thermal effect of a space vacuum on rated and
overload characteristics of electrical devices. The
vendor shall conduct ean analysis of these characteristics.

Instrumentation. - Instrumentation componente shall be
provided subject to the approval of Grummen to monitor .

the performence of the equipment during all pheses of its
test end operation. The sensors and signal conditioning
equipment selected for each application shall have an
inherent reliability greater than the measured and measur-
ing subsystem and shall be compensated such thet the
capability to perform the intended function is not degraded
by the environmental conditions to which they are subjected.

Excitation Voltage. - Excitation voltage, where required,
shall be standardized to the values specified by Grumman.

Eng-278C

EDP Sheet No. .




spec_ NO. mP- 310"’2

3.34.3

3.3.4.0

3.3.4.4.1

) 303-"01’61-1

3.3.4.5.1.2

SPECIFICATION Date: | 5-T-63
16
Page:
3.3.4.2 Inaccessible Areas. ~ Location of sensors in inaccessible

areas 18 to be avoided. If a sensor must be located in
an inaccessible aresa, a. space sensor shall also be
installed.

R & D (Flight Test) Measurements. « Additional pick-up
points ehall be required for R & D (Flight 'i'eat Instru~
mentetion to be specified by Grumman.

Clagsification. - Instrumentation including but not limited
to those for measurements specified in ‘I‘able IV emd 18
shown in the "Instrumentation Schematic" (Figwe 2) shall
be provided and installed. The measurements ppecified .

in Table IV and Figure 2 have been categorized into tba
following clmsses?

Groug IV. - The vendor shall provide the pick-up points,
transducers, signal conditioners and panel indicators.
Vhenever possible and desirable, stendard qualified instru- .
mentation and indicators shall be used. The vendor shall
provide a pick-off for telemetry purposes with the follow~
ing characteristics.

Analog Channels. - Analog pick-offs shall provide either
a 0-5 volt dwc (high level) single ended output or &

0-250 m volt d-c (lov level) unipolar, differentisl oute
put. The output impedance of both levels shall be 5000
ohms or less.

Digital Channels. = The OPS will be capable of accepting
parallel digital deta. Digital output voltage levels
shall be as follows: :

(2) Binary "L" 3.5 to 10 volt d-c

~(b) Binary "O" 0 + 0.5 volt d-c

The source impedance of all digital channels shall be
5000 ohms or less.
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3.3.4.4.1.0

3.3.4.4.2

3.’3.&.&.2.1

3.3.b.4.2.2

3.3.4.4.2.3

Calibration. = Vendor shall calibrate all instrumentation
and indicators at reascnable intervals with equipment
traceable to the National Buresu of Stenderds. Calibra-
tion procedures and equipment approved by Grumman shall
be used. Vendor shall supply provisions for in-flight
calibration which are compatible with the IEM ecalibration
schene .

Fail-Safe Provisions. - Vendor shall design instrumentation

and indicators such that any failure shall not cause damege
to telemetry equipment, to interface equ:lmnt or to vendor
equipment, There  shall be no coupling between the pnnel
indicator and telemetry channel which could result in cross
effects between the two, even in the event of mlfumtion.

Group III. - The vendor shall provide the pick-up pointa,
transducers end signal conditioners. Wherever possible
and desirable, qualified IEM instrumentation shall be, used.

Analog Channels. - Analog tramsducers and signal conditioners

shall provide either a 0-5 volt d-c (high level) single
ended output or a 0=-250 m volt d-c {low level) unipolar,
differential output. The output impedance of both lawla
shall be 5000 ohms or less.

Digit«ﬁl Channels. - The OPS will be capable of accepting

perallel digital data. Digital output voltage levels
shall be as follows: , ‘ ' ‘ _

(a) Binary "L" 3.5 to 10 volt d-c -
(b) Binary "O" 0 + 0.5 volt d=¢

The source impedance of all digital channels shall be
5000 ohm_s or less.

Calibration. - Vendor shall calibrate all instrumentation

at reasoneble intervals with equipment tracesble to the

National Bureau of Standarde. Calibration procedures and
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3.3.4.4.2.3

3.3.4.4.2.4

3.3.4.4.3

3.3.h.4.3.1

3.3.k.4.3.2

3.3.4.4.3.3

3.3.h.4 .4
3.3.5

3.3.5.1

(Continued)

equipment approved by Grummen shaell be used. Vendor shall
supply provisions for in-flight calibration which are
compatible with the LEM calibration scheme.

Fail-Safe Provisions. - Vendor shsall design instrumentation
such that any failure shall not cause damage to telemetry
equipment, to interface equipment, or to vendor equimnt.

Grou II. - The vendor shall provide the pick-up point
and trensducers.

Trangducers. - The transducers shall provide an analog or

digital output compatible with the appropriate LEM signal

conditioning equipment. Whenever possible and desirable,
standard qualified transducers shall be used.

Calibration. - Vendor shall calibrate all transducers at
reasonable intervals with equipment traceable to the
National Bureau of Standards. Calibration procedures and
equipment epproved by Grumman shall be used. Vendor shall
supply provisions for in-flight calibration which are
compatible with IEM calibration scheme.

Fail-Safe Provisions. - Vendor shall select transducers
guch that any fallure shall not cause damage to vendor
equipment.

Group IB.’~ The vendor shall provide pick-up-points and
environmental characteristics for all measurements.

Control. - Thrust control shall be provided for in the
following menner.

Thrust Chember Valve Power Coil. - Each thrust chamber
valve shall incorporate & solenoid having a power coll
with the following characteristics at ambient tempera-
tures (TO°F + 15°F):
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3.2

(Continued)

(a) Pull-in current * amp
(v) Coil resistance * ohm
(c) Cotl mductance * henry

(a) Time to reach 90% of rated thrust 1s ¥ seconds
after application of a * volt step.

Thrust Chember Valve Emergency Coil. = Each thrust chember
valve shall also incorporate a solenoid having an emergency
coil with the following cheracteristics st smbient tempera-
tures (70 * 15°F):

(a) Pull-in current * amp
(b) Coil resistance * ohm
(e) Coil inductance * henry

(a) Time to reach 90% of rated thrust is ¥ seconds
after application of a * volt step.

Propellants and Fluids. -

PrgE llants. =

Fuel. » The fuel shall be & mixture of 50% hydrazine
) and 50% unsymmetrical dimethylhydrazine (UDMH)

~ conforming to MIL-P-27h02.

Okidizer. - The oxidizer shall be nitrogen tetroxids -
lﬁaou) ‘conforming to MIL-P-26539.

Mixture Ratio. - The oxidizer to fuel mixture ratio by
weight shall be as epecified in Table I. :

#To be supplied by the vendor -
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3.4.3 Temperature. - Propellant tam(perature shall be as epecified
. in ?a.ﬁfé 1. ‘
3.h.4 Pressurant. - Helium gas will be supplied to the 1nlet

‘ ) h. the propellant tanks at a pressure of 181 psie

+ L, ’

3.4.5 leakage. - Internal leakage of the éystem fluids under

operating and non-operating pressures which would impair
or endanger system operation shall not be permitted.
External leakage of propellants shell not be permitted
under operating and non-operating pressures either during
ground checkout or operation. leekage scross thrust '
chamber valve poppet seat shall not exceed § ee/hr o
standard nitrogen when the nitrogen is epplied to the
inlet port at 100 psig.

3.4.6 lubricents. - There shall be no lubricents used.
3.h.7 Propellant Drains. - The camponents shall be designed to
minimize fluid entrapment for any installed attitude. The

component shall ensure fluid removal by dry gas purging.

3.5 'Env:lrormntal and Load Factors. = The Propellant System
and Thrust Chamber Assemblies shall be required to meet
all the requirements of this specification during and
after exposure to the combined enviromment specified in
Table II.

3.5.1 Radiation Environment. - Cherged particle and elsctromage
netic rediation originating from the sun and other celestial
sources, shall be considered in the design of the PS/TCA.

' The vendor shall notify Grumman of any items which may be
adversely affected. A detailed description of this.
environment will be provided where it is necesnary to
evaluate cverall reliability.
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3.6.1 Materisls and Processes. - In the selection of materials

and processes, fulfillment of major design requirements
shall be the prime consideration. Materials and processes
selected shall be subject to Grumman approval.

(2) In addition, processing equipment and certification
of processing personnel shall be subject to Grummen
approvel. ’

(b) When temporary substitutions are mede, drawings
shall note the applicable government specification
of the alternate materisl vhen applying for Grumman
approval. . :

Dissimilar Metals. ~ Dissimilar metals shall not be used
in intimete contact unless suitably protected against
electrolytic corrosion. When it is necessary to assemble
any combination of dissimiler metals, an spproved inter-
posing material compatible to each as well as the
enviromment shall be used. Some of the more commonly

used dissimiler metals are defined in the following groups,

GROUPING OF METALS

Magnesium and its alloys
Aluminwn alloys 5052, 5056, 5356, 6061 and 6063.

Aluminun and its alloys including aluminum alloys listed
in Group I.

Iron, lead and Tin and their alloys (except stainless steel)

Ccpper,‘ cbronium, nickel, (inconel), silver, gold, platinum, -
titanium, cobalt and rhodium and their alloys; stainless
steels and graphite.

(a) Contact between a member of any one group and another
member of the same group shall be considered as similar.
Contact between a member of one group and a member of
any other group shall be considered as dissimilar.

Eng-278C
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Group IV (Continued)
(v) Unless specifically approved by the procuring a'géncy,_

all other metals shall be considered dissimilar with
respect to each other and with respect to any of the
materials listed above.

The sbove grouping is intended to serve as & guide
in selecting materials, and shall not be construed
to waive other requirements of this specification

pertaining to corrosion resistance of components -
and assemblies.

Where reference is made to a metal in & particular
group, the reference applies to the metal on the
purface of the part; i.e., gold means gold wire, as
well as gold electroplate.

Different metals in contact, even though similar,
shall be employed in assemblies in such manner that
the smaller part is cathodic or protected and the
larger part is anodic.

Qualified standard parts and attaching hardware,
vhich are cadmium, silver or nickel plated, etc.,
may be used without sdditional protection provided
the finish thereon, is accepteble to Grummen and
aflequate protection against corrosion is afforded.

Protection Against Electrolytic Corrosion. - Where 1t is

necessery that any combination of dissimiler metals be
assembled, the following methods or combinations of
methods shall be employed for the alleviation of electro-
lytic corrosion, unless other design considerations
preclude the employment of such methods. '
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3.6.1.1.1

3.6.2

3.6.2.1

3.6.2.2

3.6.2.3

(Continued)

(a) Interposition of a material compatible to each to
decrease electrolytie potential differences, such
as nickel or silver plate on steel in contact with
inconel.

(v) Interposition of an inert material between the
dissimilar metals to act as a mechanical and insulate
ing barrier.

(c) Design of dissimilar metal or similar metal contacts,
in order that the area of the cathodic metal is rela-
tively smaller than the area of the anodic metal, such
as screws, of stainless steel or nickel plated brass
in the contact with aluminum. '

Procesgses. - All processes, processing equipment and certi-

ficatlion or processing personnel shall be subject to Grumman
approval.

Quality. - When non-governmental specifications are used

for processes which may affect performance, reliability
or durability of the PS/TCA such specifications shall be
approved by Grumman. The use of non-governmental specifi-
cations shall not congbitute waiver of inspection.

Workmanship. - The workmenship and finish shall be of

sufficiently high grade to insure satisfactory operation,
reliablility end durability consistent with the service
life and application of the PS/TCA. ’

‘Technigues.v - Fuel and oxidizer passages in the thrust

chamber assembly shall he separated by perent metal. ' The
injector shall be designed amd the fabrication processes
shall be planned to prevent chips from remaining in the
injector passages. Drilling into hidden passages shall
be minimized or eliminated completely to allow deburring
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3.6.2.3

3.6.3
N 3’6.3.1

3.6.3.2

3.6.3.3

3.6.4

3.7
3-7.1

{Continued)

of injector orifices. The propellant passsges shall be
designed to eliminate interpassage mixing of the fuel
and oxidizer because of seal failures or weld deteriora-
tion.

Standards .« -

Parts. ~ AN, MS, JAN, or MIL standard parts shall be used
vherever they are suitable for the purpose, and shall be
identified by their standard part numbers. The use of .
non-gtandard parts will be approved by Grusmen only when
standard parts have been determined to be unsuiteble.

Design. - MS and AND design standards shall be used wherever

applicable.

Joints. - Particuler attention shall be paid to the develope

ment of high reliability, leek proof methods of joining the

fluid system lines to the PS/TCA components. Installation
configuration restraints affecting the method of joining
will be defined by Grumman. Final configuration of the
line attachment provisions on each of the PS/TCA components
is subject to specified Grummen approval.

Special Tools. - No special tools shall be necessary for
maintenance and servicing of the PS/TCA.

Tdentification of Product. -

Assemblies. -~ Permanent serialization of all major components
shall be accomplished during manufacture. Identificetion of
components shall be accomplished with nameplates or other
suitable means. In cases where nameplates are employed, the
following information shall be represented 1n accordance

with MIL-STD-130:
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Item Name

Prime Contractor Specification No.
Stock No.
Contract No.
Inspection Serial No.
Manufacturer's Part ﬂo.
Manufacturer's Name
Manufacturer's Serial No.
Assembly Date
U. 8.
3.‘?.2 Components. - Components shall be clearly marked as follows:
Serial No.
Stock No,
Manufacturer's Part No.
Menufacturer's Neme
3.7.3 Connections. - The rocket engine shall be permemently marked
to indicate all connections shown on the installation drew-
ing for instrumentation, propellant and electriea.l connections.

3.8 Reliebility Re quirements. =
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3.8.1

3.8.3

’ 30802

Numerical Relisbility. - The reliability goal shall be

9999 for completion of the mission requirements as

detailed in this spscification without a single failure.
This goal shall include all operating and non-mratmg
phases of launch and boost, space flight and lunar
excursion.

Safety. - The probability of safety goal shall be .999999

for completion of the mission without catastrophic -
failures such as engine explosion or propellam; leakage
causing damg to other subsystems. ’

@eutioml Pro:rila. - The reliability requiremnts of

3.8.1 and 3.8.2 shall be based on the operational time
profiled in Table IIIX. '
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k.11

QUALITY ASSURANCE PROVISIONS

General. - This section of the specification esta-

Chamber Assemblies (PS8

blishes general test requirements and procedures to

be followed during the Propellant System and Thrust
/ey

test program. The

vendor may propose additional tests to further in-
crease the effectiveness of this program. Changes
to specific tests and test conditions will evolve
and be approved by Grumman hased upon future vendor
and Grummen study and development efforts. The
test program shall consist of the following test
categories:

(a)
(v)
(e)
(@)

Development Tests
Component Qualification Tests
System Design Verification Tests

Acceptance Tests

Reliabllity Assurance Test data shall be derived from
results of tests llsted above.

Witnessing of Tests. - Grummen shall be advised when

tests are to be conducted so that e representative
may be designated to witness the tests. Walver of
this requirement or delegation of alternate authority
shall be et Grummen's discretion.
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b.1.2 Criteris for Rejection. - Criteria for rejection

of a test specimen shall be stated in the test
plan. In general, any degredation in performance
heyond specified limits shall be cause for re-

Jection.
k.2 Test. Facilities. -
k2.1 General. - Private or commercial test facilities

may be used subject to Grumman approval.

h, 2.2 Environmental Test Facilitles. - The environmental
test facility or chamber shall be of a sufficient
size and volume such that the item under test shall
not interfere wlith the generstion and maintenance
of the reguired test condition.

b.2.3 Standard Conditions. - Tests conducted without
utilizing special environments shall be conducted
under the following conditions:

(a) Temperature in the range from +10°F to
+L10%F

(b) Relative Humidity: Local atmospheric

(¢c) Barometric Pressure: Local atmospheric

Eng-278C
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h.2.4 Instrumentation Calibration. - All inspection,

messuring and test equipment shall be celibrated
at intervsls no greater than 30 days, egainst
certified standards which have known, valid
relationships to national standards. Apparetus
used to measure test parameterg shall not be in
error greater than 10% of the tolerance of the
specified parsmeters. Records shall be main-
tained indicating the date of last calibreation
and due date. Procedures shall be provided

for periodic operstional checks to be performed
prior to the use of test and measuring epperstus,
Calibrations shall be subject to approval by
Grumann

Tolerasnces. ~ The tolerance on environmental

test conditions shall be established by the

vendor for each test such that the nominal
level insures meeting the minlmum required
test conditions except as noted in L.2.4.1,1.

Specific Tolerances. - The tolerances on test
conditions shall be as follows:

(a) Vibration Amplitude + 10%
(b) Vibration Frequency * 2%
(c) Shock Amplitude + 15%
(4) Accel. Amplitude + 10%

(e) Random Vibration - The vibration acceleration density
. appliéed to the test item shall be within + 2 db of
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h.2.h.1.1

4.2.5

4.2.6

h.2.6.1

4.3
h.3.1

(Continued)

(e) (Continued)
the specified test level over broad regions of the
spectrum between 20 and 1000 cps and +h db between
1000 and 2000 cps.

Sensing and Recording. - Sensing and recording equipment

of adequate response shall be used to obtain data during

trensient conditione of system and component operation

requiring the evaluation of time versus varisbles.

Mounting Adapters. - The mounting adepters shall expose

the items under test to the test enviromment in a manner
thet is representative of that in which it will be exposed
in the 1EM System.

Special Provisions. - Measured transient and oscillatory

thrust forces transmitted to the cluster mounting locations,
during firing, are required. These measurements shall be
mede on & rigid test stand acceptable to Grumman. The
dynamic characteristics of both the cluster and the cluster
test stand shall be measured in sufficient detail so that
the adequacy of the measurements may be determined and
corrections mede if required. The cluster shall incorporate
sensors for measuring vibrations about three axes in two
chamber locations. One or more fittings shall be provided
on the cluster to accommodate these sensors.

Test Prooedu:res. - Shock, vibration end acceleration.

Shock. = An epparatus shall be used which 1s capable of pro-
viding a sawtooth shock load with & linear rise time of

11 + 1 milliseconds and with a 1 + 1 millisecond delay time.
The teet units shall be mounted in & manner identical to

its normel mounting configuration. The measurement of the
ghock input shall be accomplished at the mounting interface
of the test unit. The test shall be conducted under standard

conditions.
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h,3.2 Vibration. - The test units shall be attached to a mounting

adapter in a manner identical with the actual mounting of
the tegt unit in the spacecraft. The vibration shall be
accomplished in the three mutually perpendicular directions.
parallel to the spacecraft x-x, y-y and z-2 coordinate axes,
defined in Figure 3. Test units and Jig assemblies shall
be mounted directly to the shaker head. IFf this type of
mounting is not practicable, slip tables may be utilized.

A complete log of each vibration test shall be maintained,
including all resonant frequeneies, instrumentation used,
design changes made, and a detailed acéount of the perfor-
mence of the equipment under test. In attempting to equalize
the vibration input or in the determination of specimen or
fixture resonances, it may be necessary to apply some vibra-
tion energy to the test unit prior to the actual test. In
such cases the rms-g value shall be kept to a minimum and
in any event shall not exceed 50% of that required during
the actual test. All vibration tests will be conducted
under both high end low temperature while undergoing the
vibration requirements.

Vibration Fixtures. - The fixtures holding the test syecimen

on the shaker head shall be capable of transmitting the
vibrations specified herein. It shall be a design objective
that these fixtures sre free of resonances within the test
frequencies. In any event, resonant frequencies of fixtures
compensated for test specimen mass shall be above 750 cps.
The transverse motion fzrosstalk) in any direction produced
by these fixtures shall not exceed the vibration levels
specified herein. The requirements outlined above shall

be verified by a sinusoidal vibration test sweep using a
dummy specimen of proper mass. The vibration input shall
be monitored with tri-axial accelerometers.

Sinusoidal Vibration. - The vibration input levels shall
be measured at or near each test unlt mounting location.
Wherever more than four mounting locations exist, only
four points need be monitored. Any accelerometer
fastened at one of the mounting locations can be used
a8 the servo control input provided that:
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4.3.2.3

4,3.2.%

(Continued)

(&) The control input maintains levels at the test
frequency within +1 db of the requirements.

(2) The level at sny input location is within +i ab
of the requirements at all frequencies.

(¢) The average of all inpute at each test frequency
is within +2 db of the requirements.

Exceeding the lower limits of the above tolerances will
be cause for rejection of the delinguent portion of the
test and will mecessitate rerunning of that psrt of the
vibration test. The recording of the accelerometer cutput
signals shall be accomplished on a continuous recording
device, e.g., magnetic tape, oscillograph, etc, The
recorder shall have sufficient response cepability such
that the complete wave form of the signal may be exsmined
and anelyzed.

Random Vibration. - The vibration input shall be controlled

from the same accelerometer as used to control sinusoidsl
vibration tests. The spectrum at test levels shell be
analyzed and a plot of acceleration spectral density (g2/cpe)
versus frequency shall be compiled for each random test.

The analyzing filter shall have a maximm bendwidth of 1/3
octave or 100 cps, whichever is less,

Combined Sinusoidal end Random Vibration. - A simusoidal

sweep at 50% of the required sinusoidel levels shall be
conducted first in accordance with 433.2.2. Then the
vibration level for random input shall be equalized in
accordance with 4.3.2.3. The actual test shall now be
conducted by superimposing full level sinusoidal onto
full level random excitations. The overall test level
shall be recorded.
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h.3.2.5 Resonance Search. - A sinusoidal resonance search shall be

conducted at half or less of the required sinusoidal
qualification test levels before any portion of the vibra-
tion test is conducted. Resonant frequencies and vibration .
amplifications shall be noted in the test log. The '
vibration amplification of any portion of the equipment
shall be in accordance with 3.3.1.1.1.

4.3.3 Sustained Acceleration. - The test unit shall be mounted
on the test apparatus (centrifuge) in such positions as
to produce the required accelerations. The test epparatus
shall be of such size that the gradient across the test
item shall not be greater than + 15 percent of the input
acceleration through the c.g. of the test item. The test
ghall be run at standard conditions.

k.4 Classification of Tests. -

hoh,1 Development Tests. - Development tests are those tests con~

' ducted for the purpose of providing data for use in the
design or to support the design of & specific component,
section or subsystém. Development tests may be used to
determine operating characteristics under off-design
corditions. Test-to-failure type development tests cen
provide failure mode and week link charscteristics for
verification of analyses and determination of strength
margine. The vendor shall prepare a development test
summary for approval by Grumman. Grummen reserves the
right to require additional development tests as deemed
necessary. Development tests shall include: .

(a) Component Development Tests
() System Development Tests

b.h.1.1 Component Development Tests. - Component development tests
shall include all tests conducted for the purpose of
comporent and subassembly design and material selection,
- the investigation of component and subassenbly performance
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characteristics. During asystem development testing, pro-
cedures for cleaning and flushing the system end techniques-
for propellant loading shall be evalusted. There shall be
a minimum of two development. system configurations.

(a) Configuration number one shall consist of & standard
verdor supplied pressurigation system utilising either
nitrogen or helium as the gas pressurant and vendor
supplied Gevelopment hardware for the propellant feed
system and thrust chamber sssemblies. '

{b) Configurstion mumber two shall consist of edvanced

stage vendor development components for the purpose
of conducting system integration tests with the GAEC
supplied Helium Pressurization System (HPS).

b.b.2 Component Qualification Tests. -
4.h,2.1 Genefal. - fualification tests are tests which are conducted

on samplas identical to production PS/¥CA components. All
PS/ICA components requiring qualification, inspection, and
testing as specified herein may have these requirements
veived at the option of Grumman if the component has been
previously qualified at the same or higher level for service
use on another vehicle. These components must be substant-
1ally identical to the respective components previously
qualified. If such a waiver is granted, detailed iaformation
on the components for which previous approvel was obtained
shall be provided. Qualification Tests on components shall

~ be completed prior to the start of system design verifica~
tion tests. The vendor shall prepare & separate Qualification
Petail Teat plan for each camponent and submit it to Grumman
for spproval pricr to the start of Qualification Tests.
Qualification Tests will be conducted on the following
PS/TCA components:?

(a) Tuel £111 and vent discormect couplings
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(Continued)

(b) Oxidizer £ill and vent nécomect couplings

{c) Fuel Tank

(a) Oxidizer Tank

(e) Burst disc

(£) Filter

(g) Main fuel shut-off valve

(h) Main oxidizer shut-off valve

(1) Fuel T.C.A. isolation valve

(3) Oxidizer T.C.A. isolation valve

(x) Thrust chamber assembly

(1) Instrumentation Transducers

Puel and oxidizer components, that are identical with the
exception of special compatibllity provisions, may receive
a combined qualification test subject to Grumman approval.
All references to PS/TCA components for Qualification Tests
ﬁ()m hereon includes all parts listed in items (a) through

Component Inspection Before Tests. - All PS/TCA components

" shall be completely inspected for compliance with the

approved drswings and specifications befare quelification
testing 18 begun. Deviations from the drewings ard speci-

fications shall be approved by Grumman. Defective parts

shall not be used on any PS/TCA component subjected to
qualification tests.
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hob.2.1.2 CM. nt Inspection After Tests. - Upon completion of

the Qualification Test the component shall be sublected
to & detailed inapection of &ll vital working perts, the
extent of disassembly shall be determined by Grumman
inspectars. If any part is found to be dsfective an ,
approved part shall be supplied to . replace it and a suit-
able penalty test shall be conducted at the discretion of
Gruman inspectors. '

Tests. - The procedure for each envirommental exposure far
all tests shall be as follows:

() Pre-exposure examination and operational test as
required.

(b) Exposure to enviromment and operational test as
required.

(¢) Post-exposure examination and operational test as
required.

Environment. - PS/TCA components shall be subjected to the
below listed test conditions of Table VI. Operational tests
ghall be derived from the duty cycle of Table III, vhere a
combined enviromment creates a critical condition, e.g.

TCA firing at altitude and temperesture extremes, the quali-~
fication tests shall include testing under the combined
environment if the combined environment occurs during one

of the mission phases as outlined in Table II.

(a) Vibration, using the procedure of h.3.é.
(v) simck, using the procedure of 4.3.1.

(e) Acceleration

(d) High Temperature

(e) Low Temperature

. Eng-279C
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(Continued)

(£) Sand and Dust

(g) sSalt Fog

() Fungus

(1) Explosion

(3) Humidity

(k) Electrical Intefference

Vacuum. ~ All components shall be subjected to a thermal
vecuum test with the operating fluid or an approved test
fluid contained in the component. The components shall
be functionally tested in a vacuum of 7.5 x 10”4V mm Hg.
The thrust chamber assembly doces not have to be fired,
however, the injector inlet valves shall be tested for
functional operation. The tests shall be conducted at
the high and low temperature of Teble VI plus at & nominal
temperature within the range of paragraph 4.2.3. TCA
firing teste shall be conducted at a meximum pressure of
0.15 psia.

Fluid Comgatabili ty. - The effects on components of the
chemical action of the propellants within the specification
temperature limits of the propellants as well as the effects
of aging with propellants drying in air, contact with
vapors, or the worst combination thereof, shall be deter-
mined, and acceptance criteria shall be proposed in the
teat plan. The test conditione shall simulate a&s closely
as practicable those encountered in the actual application.
This test shall include aging of each component with the
f£1luid with which it is to be used, for & period of approxi-
mately (30) days, and the last seven days under pressure
which the component will be subjected to a normal mission
operation.

Eng-279C

EDP Sheel No.




SPECIFICATION

4.4.2.2.3
uoh'czazoh
k.h.2.2.5
h.h.2.2.6

h -)"‘-2 .207

h.h.2,2.8

4.4.2.2.9

}‘0&.2-2-10

h.h.2.2.11

Endurance. - Each component shall be subjected to an
endurance test. The muber of cycles shall be specified
by the vendor in the qualification test plan.

Static Ieskage. - All conponents shall be tested for
static leakege starting at zerc differential pressure
and increasing at e rate consigtent with normal use to
the MEOP, '

Proof Pressure. - All components shall be tested at the
proof pressure specified in Sectiom 3.

Ultimate Pressure. - All components shall be tested at the
ul‘b&mgte pressure specified in Section 3.

Electrical Tests. - All electrical components shell be
tested according to MIL-STD-202, Methods 301 and 302.

Functional. - A functional test shall consist of the
specified nmumber of cycles of opereation of the component.
Sufficient measurements shall be mede over the entire ‘
test period to compere the most significent dynamic and
static control functions for each environmental condition
under which the test is conducted. Performance throughout
the various functional tests shall be within the limits
specified.

Calibration. - Sufficient dynamic and static measurement
data shall be obtained to empirically define the functions
of the components within the mewrmal operating range in-
cluding discontinuties, hysteresis, and desd bands. The

- recalibration values determined during testing shall remain

within the performance limite specified.

Ma].ﬁmction. =~ A malfunction test shall be performed on
a1l compone components based on the malfunction analysia ‘of
3.2, 1.5. A

Weiggt. - A1l Pg/TCA components shall be ueighed ary.
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Degign Verification Tests. -

General. - Design verification tests are advanced stage
development tests which are performed to demonstrate the
proper performence and operating characteristlcs of the
prototype design. Design verification hot firing tests
will be conducted on complete PS/TCS's at sea level,
and on thrust chamber assembly clusters under simmlated
altitude conditions. '

Selection of Test Limits. - Unless otherwise specified
for a particular test, the test limlts for the design
verification tests shall be as shown in Tsble VI.

Parts Failure and Replacement. - Maintenance, adjustment,

or replacement of parts shall not be permitted, during
design verification testing except when gpproved by
Grumman. The replacement part shall be a redesigned

part or one of different materisl unless Grumman suthorizes
the installation of & new part of original design.

Insi)ection After Tests. = After completion of tests,

calibrations shall be made of all controls and control
components prior to disassembly. These calibrations
shall demonstrate that the components are within the

. design tolerance range required. The test articles shall

then be completely disassembled. Visual examination and
messurements of all parts shall be made. Where practicable,

photographs shall be taken of all excessively worn,
" distorted or weakened parts.
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Design Verification Conditions. - Verification of the
PS?%A and cluster designs shall be predicated on
maintenance of all perameters within the limite
specified.

PS/TEA Design Verification. -

General. - System design verification tests ere conducted
on 8 complete PS/ICS with fully loaded and temperature
conditioned propellant tanks and with a Grumman supplied
helium pressurization system. The gystem shall be
installed on a test stand fabricated to comply with
Grumen definitions of IEM location points. Each
component shall be of qualified design, but within

this constraint, previously used development and
qualification test herdware may be emgloyed vhere
practicsal.

Data Requirements. - The test system shall be instru-
mented to provide a continuous record of the followling
values:

() Propellsnt feed pressures to each thrust chember

7 assembly.
(») Chember pressure.
(¢) Oxidizer and fuel tank pressures.
(d) Primary pressure-regulator discharge pressure.
(e) Ges pressurization source pressure and temperature.
Oxidizer and fuel flow rates for each thrust chamber.
‘Current/voltage for each thrust chamber valve.
Thrust chamber injection and propellant temperatures.
Barometric pressure.

Other, as required to demonstrate performance.

SRR R

NOI‘E Thrust velues will be measured indirectly
with the thrust coefficient characteristics
determined from individual thrust chamber
agsembly tests.

Using the sbove measured values, the vendor shall derive

“the thrust coefficient characteritics determined from

individual thrust chamber assembly tests.
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Pulse Mode. - The following characteristics shall be
derived for the first five pulses, the middle pulse
and the final pulse of each thrust chamber assembly
firing series. '

(a8) Total impulse per pulse.

(®») Average specific impulse per pulse. .

(e) Average mixture ratio per pulse.

(d) Average chamber pressure per pulse.

(e) Aversge thrust per pulse.

(£f) Total impulse "time centroid" of each pulse.
(h) Other, as required to demonstrate performance.

The following characteristics shall be derived from a
compilation of the first, middle, and final pulses of
all applicable thrust chamber assembly test series
employed in PS/TCA verification testing.

(8) Average specific impulse per pulse vs. pulse width.

(n) Total impulse per pulse vs. pulse width and off-time.

(¢) Average chamber pressure per pulse vs. pulse width.

(a) Average thrust per pulse vs. pulse width.

() ™hrust pulse width vs. electrical pulse width and
hardwere temperature.

(£) Average mixture ratio per pulse vs. pulse width.

(g) Average charscteristic velocity per pulse vs. pulse
width.

(h) Maximum soak-back temperature vs. pulse width and
off=-time.

(1) Other, as required to demonstrate performance.

Steady State Mode. - The following operational |

characteristics based on the first point, mid point,
and final point of each thrust chamber steady state
run shall be derived:

(8) Total impulse of run.
§b)  Mixture retio.

c) Specific impulse.

(d) Thrust.

(e) Other, as required to demonstrate performance.

-2V
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The following operational cheracteristics shall be
derived from a compilation of all appliceble mid-
points of each thrust chamber steady state run
employed in PS/TCA verificstion testing.

(a) Deviation from design nominal of mixture ratio vs
' propellant temperatures. '

(®) Deviation from design nominal of specific impulse vs
oxidizer and fuel temperstures.

(e) Deviation from design nominal of chamber pressure
and thrust vs oxidiger and fuel temperature.

(d) Other, as required to demonstrate operational
characteristics.

k.4.3.2.3 PS/TCA Tests. - The PS/TCS shall be subjected to the
' below listed tests which are detailed in the succeeding

paragrapha of this specification. The number of systems
employed and order of tests shell be specified in the
detailed test plan. The detalled test plan shall define
the use of the power and emergency colls of the thrust
chamber solenoid valves to demonstrate operational and
1ife charecteristics of each coil.

(8) Static leskage - The PS/TCA shall be tested for
static leakage starting at zero differential pressure
and increasing at a rate consistent with normal use
to the MEQOP.

(b) Vibration - The PS/TCA shall be subjected to the
vivration inputs specified in Table VI, using the
procedure of 4.3.2.

(e) Shock - The PS/TCA shall be subjected to the shock
loeds specified in Table VI. The PS/TCA shall be
mounted and the shock loads shall be applied in

" accordance with 4.3.1. :

(4) Fixed Thrust - Two runs of test series number 10
of Table V shall be conducted at ambient temperature.

Eng-279C
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(¢) Attitude -~ Test series number 9 of Table V shall be
conducted at ambient temperature for each of the
following attitudes:

51) + l+5 about y axis
2) = hs about y axis

{3) + hs about z axis

by - hso about z axis

(5) + ’-I»S about y and z axis

{6) + 45° about y axis, - 45° about z axis
(r) - h5° about y and z axis

(8) - 45° about y axis, + 45° sbout z axis

(£) High Temperature - The thrust chamber clusters shall
be comditioned to the maximum temperature resulting
from calculations employing Grumman supplied wvehicle
emissivities, view factors and time durations in the
temperature-view enviromments specified in Table IId4.
Propellants shall be conditioned to within -0°F, to
+5°F of the values specified in Table II under tanks
and components. The PS/TCA shall then be run in
accordance with test series number 12 of Table V.
The thrust chamber propellant valves shall then be
allowed to reach maximum temperature after shutdown,
at which time the PS/TCA shall be run in accordance
with test serieg number 13 of Table V.

(g) ELow Temperature - The thrust chamber clusters shall
be conditioned to the minimum temperature resulting
from calculations employing Grumman supplied vehicle
emigsivities, view factors, and time durations in
the temperature-view environments specified in Table
ITId. Propellants shall be conditioned to within
-5%F to +O°F ef the values specified in Table IId
under tanks and components. The PS/TCA shall then
be run in accordance with test series number 10 of
Table V. ‘
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(Continued)

Electromagnetic Interference - The PS/TCA shall be
subjected to electromesgnetic interference tests
ag specified in the detalled test plan.

Decontamination and Storage - With the PS/TCA in the
normal launch attitude the liquid system shall be
completely filled with propellants then drained,
flushed, and decontaminated employing procedures
developed for launch and field operations. The
system shall then be removed for 30 days storage.
Following storage, the system shall be run at
ambient temperature in accordance with test series
number 10 of Table V.

Weight - Each PS/TCA shall be weighed dry.

Varlable Voltage - Part of the total cycles specified
in test series 1 thru 6 of Table V shall be conducted
at the extremes and intermediate levels of the
voltage tolerances established for the thrust chamber
for the thrust chamber solenoid valves.

(1) 10% of the total number of cycles shall be at
maximun voltage.

(2) 10% of the total number of cycles shall be at
minimum voltage.

(3) 10% of the total number of cycles shall be at
. intermediate voltages differing from nominel.

Malfunction - The type and order of these tests,
based on the malfunction snalyses required by
3.2.1.5 shall be proposed in the test plan. Com~
pliance with 3.2.1.5 shall be demonstrated after
occurrence of all of the events proposed in the
test plan during either transient or stabilized
operation of the PS/TCA. A representative number
of the malfunction combinations analyzed shall
be investigated by test.
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(m) Durability - Test series number 11 of Table V shall
be performed to demonstrate PS/TCA performance for
the required thrust chamber continuous run life
requirement. Following this test series the same
thrust chamber assemblies shall be fired in pulse
mode operation as follows:

(1) Pulee at 25 cps for 400 seconds with an’
electrical pulse width of .025 seconds.

(2) Pulse at .25 cps with a pulse yielding the
minimum impulse bit of Table I, The dura=-
tion at .25 cps shall be sufficient to
sccumilate 500 seconds of pulse mode firing
time with the inclusion of the time accumue~
lated at 25 cps.

The remaining tests of Table V shall be performed
to demonstrate satisfactory, starts and shutdowns
and to gain reliability data. The tests sghall
consist of: test series Number 7 and 8, and 350
cycles of test series 1 through 6. In addition,
test series number 10 ghall be run T times and
test series Number 9 shall be run twice.

(n) Additional Tests - Additional tests, for the purpose
of testing special features of the PS/TCA and pro-
pellants may be requlred by Grummsn. In general,
these tests will utilize the runs previously mene
tioned and will not increase the total running time
accumulated during the verification test.

Cluster Design Verification. - Cluster design verification

tests supplement the PS/TCA tests. Cluster tests verify
the design considerations attendant to the thermal effects
of clustering the high area ratio nozzles. Hot firing
tests will be conducted at a sufficiently low ambient
pressure to:

(a) TInsure fully flowing nozzles.

i
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(Continued) s

(e) To achieve sufficient plume eipa.nsion and negligible
convection cooling to verify proper operation
during space flight.

General. - Cluster design verification tests are conducted

on an assembly consisting of a cluster mount and four
thrust chamber assemblies. Each component shall be of
qualified design, but within this constraint, previously
used development end qualification test hardware may be
employed. The propellant feed system need not employ
bladders or prototype components, but shall provide feed
pressure and transient responses whic¢h are consistent
with & prototype feed system. A section of IEM vehicle
skin structure shall be mounted to simulate cluster
placement on the vehicle. '

Date Requirements. - Instrumentation shall be implemented

to provide a continuous rgcord of the following values:
(a) Propellant feed pressures

{v) Chaumber préaéures

(¢) Oxidizer end fuel flow rate to each thrust chamber
(a) Current/voltage to each thrust chamber&alve

(¢) Thrust chamber assemhiy, valve and sk,in temperatures
(£) Ambient p:ressﬁfe |

(g) IEM ekin temperatures

(h) "LEM skin heat fiuxe'

(1) Other es required to demonstrate. performance
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Using the above measured values, the vendor shall compile
and derive all data pertinent to correcting PS/TCA opera-
tional characteristics for the effects of the added
thermal enviromment induced by full nozzle flows.

' Cluster Tests. - The vendor shall provide a deteiled test

plan to be approved by Grumman prior to the initiation

of cluster design verification testing. Test plan shall
include the amount hardware employed and the sequence of
cluster tests. The tests shall include but not be limited
to the following'

Correction Data. - The test plan shall include provisions

for producing correction data for application to PS/TCA
design verification tests. The purpose of the correction
data is to compensate environment induced by fully flowing
nozzles and exhaust plume

Simulated Missions, = The mission phages of Table III, ehall
be utilized to develop a test plan to test for the worst
duty cycles imposed on a cluster during the mission. The
test plan shall include but not be limited in the following
operational conditions (within design tolerances) during
simulated mission testsi _

(a) High mixture ratio

"(®) High chamber pressure .
(e) High temperature propellants and cluster hardware

Endurence Tests. «~ The test plan shall include tests to
demonstrate the life requirements specified in Table I.

Endurence tests shall include combined operating charace
teristics of high mixture ratio, high chamber pressure,
and high temperature view-environment.

Maximm Heat Soak-Back. = Ineluded in the test plan shall

be tests under the most edverse duty cycles to attain the
highest thrust chamber valve temperatures prior to conw.
tinuing steady state and pulse mode tests.
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hoh. Acceptance Tests. - Acceptance tests are teste conducted

on PS/TCA's and components to show that the equipment is
representative of, and the performance 1s equivalent to,
the equipment used in design verification and qualifica~
tion tests. All PS/TCA's and qualification tests, and
all PS/TCA's delivered under this purchase order shall
be subjected to acceptance tests.

{10 18 T § General.- The PS/TCA components, test apparatus and the
material entering into the manufacture of articles for
fulfillment of the LVR-310-2 shall be subject to inspec~
tion by authorized Grumman inspectors. At convenient
times prior to the teste and after the tests, the PS/TCA
and components shall be examined to determine compliance
with all requirements of LVR-310-2 and specifieations.
During the progress of tests, examinations may be made at
the option of Grummen. No item for use on flight space=-
craft shall contain a component or element which has been
subjected~to more than three acceptance test programs,
nor shall an item be used which has been subjected to
environments of an intensity higher than acceptance test
levels, Acceptance tested components shall not be dig-
assembled.
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procedure for the PS/TCA and each component shall be
supplied by the vendor for Grumman epproval. All thrust
chamber firings are to be conducted under simulated
altitude condlitions.

Inspections and Tests. -

PS/TCA Inspection Before Acceptance Tests. = Each PS/TCA
shall be completely assembled in accordance with the
Grumman epproved drawings, then visually and dimensionally
inspected before commencing tests.

PS/TCA and Component Tests. = Each PS/TCA and cdmponent

Fre,

ssgembled for the inspection specified above ghall be
subjected to the following tests:

(a) Weight ~ The dry PS/TICA and components shall be
welghed and recorded.

(b) Static Leakage = Static leakage tests shall be
made on each PS/TCA and component according to
the acceptance test plans.

(¢) Functional Tests « All PS/TCA and components shall
" undergo functional tests to insure proper operation.

(a)  Calibration - The PS/TCA shell be operated for & .
duration and at thrust levels sufficient to demon-
strate compliance with performance ratings specified.
The attitude of the PS/TCA and the sequence of its
operation shall be as specified in the test plan, -

(e) PS/TCA Component Tests = All components of the
PS/TCA shall be functionally checked under the
operating conditions of Table VI and in accordance
with the test plan.’

(£) Proof Pressure - All PS/TCA components shall be
tested at the proof pressure specified in Section
3. ’
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(g) Piring Tests - One programmed run as specified in
' the approved test plan shall be made on the thrust
chamber assembly. ‘

{n) Additional Tests - Additional tests, for the purpose

‘of testing speclal features of the PS/TCA and

© propellants, may be required by Grumman. These
tests shall be outlined in the test plan and shall
not, in general, increase the total running time
accumulated during the acceptance testa,

Acceptance Conditions., - Acceptance of the PS/TCA and 1its

components shall be predicated on maintenance of all

parameters within the limits specified throughout all
tests.,

PS/TCA Inspection After Test. - Upon completion of the
acceptance tests, the PS/TCA shall be subjected to a
detailed inspection., If eny part is.found to be defective,
an approved part shall be supplied to replace it, and a
suitaeble penalty test shall be conducted at the discretion
of Grumman inspectors.

Re jection and Retest. ~ Whenever, in the opinion of Grummen
inspectors, there is evidence of insufficient. thrust or
other malfunctioning, or evidence that the PS/TCA or
component is not meeting the specified requirements, the
difficulty shall be investigated and its cause corrected -
to the satisfaction of Grumman inspectors befdre the test
is continued. At the option of Grummen inspectors, that
portion of the test in which the difficulty was encountered
shall be repeated. - The meximum retest shall consist of &
repetition of the test runs outlined above.

Maximum Running Time. -« A PS/TCA and components shall be
rejected whenever the total running time accumulated during
the tests specified herein exceeds the time allowed for in
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(Continued)

the acceptance test plan. Components from rejected PS/TCA
may be reused if such items can be reconditioned to meet
the requirements for new parts. The Grummen inspector
shall be furnished full particulars of previous PS/TCA and

component rejection when such items are resubmitted for
4inspection. ' ’

RELIABILITY ASSURANCE

General. -~ As an integral part offthe test development

program listed in paragraph 4.1, the vendor shall demon=

strate that the minimum reliasbility assurance requirements
of 4.4,5.2 have been met or exceeded. Tests applicable

to reliability assurance shall fulfill the following
requirements: '

(a) The test shall be conducted on £light weight (pro-
totype) hardware.

(b) The test hardware shall be subjected to one mission
gimulation &t the critical relisbility boundary
conditions of 4.4.5.2 with hardware operating or
non-operating as spplicable.

'(c) The test hardware shall be stressed to failure

. under Belected critical environments,.

‘The relisbility assurance demonstrated during the Develop-

ment Tests shall be supported by the additional results

"obtained from the Component Qualification Tests and the
"Design Verification Tests,

Reliability Assurance Requirements. - Statistical analysis

of the results of & stress-to-failure test (see Appendix I,
Section E of LVR-310) shall show that the probability of
occurrence of a faillure at levels of severity less than
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the critical environmental, dynamic, or operation condi-
tions established by the Reliability Boundary is no more
than 5%. This statement shall be made with a statistical
confidence of 90%.

(a) Reliability Boundary - The Reliability Boundary may
be established in two ways:

(1) Prom Available Empirical Data - Where reliable
date is available which can be applied to the
LEM Mission, the Reliability Boundary shall be
established as that level of environmental,
dynamic, or operational severity for which the
probability of occurrence of a more severe
environment in the actual mission is no more
than 1%.

(2) By Sound Engineering Judgment - When no
acceptable empirical data is available, the
Religbility Boundary will be set at 1l.1l5 times
the maximum mission design conditions for
dynamic loads. The Reliability Boundary for

conditions of temperature, vacuum, and associated

space environments shall be established on the
bagis of engineering judgment containing similar
margins. The Reliability Boundary should be
representative of the mission profile so that
the predicted failure mode in the stress-to-
failure portion of the test will be uncovered.

Reliability Assurance of PS/TCA Components. - As an integral

part of the development test program, PS/TCA components
such as valves, tanks, etc. (except the thrust chanber ),
shall demonstrate compliance with 4.4.5.1. Reliability
Boundary conditions shall take into account the environ-
ments and dynamic conditions to which the PS/TCA will be
exposed in the pre-launch, launch, translunar and lunar
phase of the LEM mission. Stress-to-failure tests shall
commence after subjecting the PS/TCA to one mission simu-
lation at Reliability Boundary conditions. Operating
time or number of cycles shall not be overlooked as a
possible criterion variable.
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L.h.5.2.1 (Continued)

(a) Reliabpility Hardware Utilization - Reliability
Agsurance Tests shall be run on flight weight
hardware. The quantity of hardware required to
estimate Reliability Assurance shall be proposed
by the vendor. However, in preparing the hardware
uwtilization program, the vendor shall consider
that be careful planning, these requirements can
be met in the normal fulfillment of the component
development test programs. The following factors
shall be considered in proposing the number and
nature of tests:

(1) In the stress-to-failure test, seven occur-
rences of the same failure mode for each test
component type or a total of ten fallures of
the component shall be sufficient for analysis.

(2) If the failure modé anticipated during these
tests. is not destructive, a minimum of two
components shall be tested to satisfy L.k.5.2.

h.h.5.2.2 Reliability Assutrance of Thrust Chamber Assembly (TCA). -
The Reliability Assurance of the TCA shall be demonstrated
in accordance with paragraph 4.4.5.2 as an integral part of
the TCS development program. The vendor shall provide a
minimum of seven (flight weight) TCS firing tests at
altitude which duplicate the most severe combination of
operating conditions expected during the actual mission.
These are not necessarily additional hardware requirements,
but may, where practical, be extensions or modifications of
development or qualification tests already planned for other
purposes. These tests shall also take into account the
environmental and dynamic conditions to which the TCA will
be exposed in the pre-launch, launch and translunar phase
of the LEM mission. A simulation of these conditions shall
be imposed on each of the designated engines prior to its
firing test.
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L.h.5.2.2

h.h.5.2.3

hal" .5.2.h

{Continued)

As & miinimum, the reliability assurance of the TCA as per
paragraph 4.4.5.2, shall be assessed from the results of
the above tests, with additional substantiation from the
results of the applicable portions of the thrust’ chamber
qualification test program.

Reliability Assurance of PS/TCA. - The reliability essurance
of the PS/TCA shall be assessed from those portions of the
PS/TCA development tests which are applicable to reliability
agsurance plus the successful completion of the design '
verification test.

Analysis of Results. -~ The Weibull analysis technique is'
the procedure recommended for application to the results
of the stress~testeto-failure. (Referencet: paragraph
7+1.9.3 of Appendix I of Section E of LVR-310-2.)
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5.
5.1

5.2

5.3

PREPARATION FOR DELIVERY

Genersl. = The subcontractor ghall develop methods of
preservation, packaging and packing for the equipment
which will provide adequate protection against corrosion,
contamination, physical damage from shock and vibration
and other shipping hazards encountered during handling
and transport to the contractor's facility, and during
gsubsequent: indoor storage, Packaging shall be designed
to facilitate handling, inspection and warehousing of
the equipment. .

Reliability. = The required high reliabillty of the
equipment makes it mandatory that there be no degradation
of reliebility as a consequence of handling, transport
and storage. In demonstration of this requirement, the
supplier shall provide laboratory or field test data,
gervice use data or sultable analytical dats to verify
the adequacy of the packaging materials and methods used.

Marking of Shipments. « Interior and exterlor contalners
shall be durably and legibly marked such that the markings
shall provide the following information:

Ttem Name
Contractor's Control No,’

Stock No,

Contractor's Order No,

Manufacturer
Manufacturerts Serial No.

Date of Manufacture

Eng-279C
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6.
6.1
6.1.1

6.1.2

6.1.4
6.1.5

6.1.6
6.1.7

6.1.8

6.1.9

NOTES
Definitions. =

Assenbly, Thrust Chamber. - The thrust chamber assembly

6.1.3

(TCA) is composed of the thrust chamber, nozzle, injector,
propellant valves, mounting provisions, and any other
directly associated parts,

Chanmber, Combustion. - The combustion chamber is the
enclosed volume between the injector face and the throat
of the nozzle. '

Conditions, Standard. - Standard conditions are the values

of alr temperature and pressure given in NACA Technical
Report No, 218. The standard humidity, for the purpose
of this specification, is zero vapor pressure at.all
altitudes.,

Cutoff. = Cutoff is the time of propellant flow cessation

through the thrust chamber propellant shutoff valve(s)

Duration. - The duration is the total firing time of one
operational cycle (seconds).

Impulée, Effective, = Efféctive impulse 1g the ares under
the thrust-time curve between the two 90~percent-of~ rated
thrust points.

Tupulse, Effective Specific, « The effective spebific

- impulse 1s the effective impulse divided by the total

welght of propellant(s) consumed.

Impulse, Instantaneocus Specific. « The instantaneous

specific impulse (lg) is the thrust produced, in pounds,

. divided by the total propellant consumption rate in

pounds per second.

Impulge, Mean Specific, = The mean specific impulse is
The total impulse divided by the total weight of pro-
pellant(s) consumed.

Eng-279C
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6:1.10 Tmpulse (yﬁnimnm Bit). = The smallest possible repeat=
able total impulse bit.

6.1.11 dmpulse, Total, = The area under the thfust-time curve. .

6.1.12 Interchangeable Parts. ~ Those parts which can be
directly substituted for one another (both physically
and functionally) by use of standard tools without
cutting, fitting, or adjusting are interchangeable.

6.1.13 Model Classification. w-

(@)

(v)

(e)

(a)

Breadboard Model -~ This is en assembly of pre-
liminary components to provide the feasibility
of the system, or principle in rough form without
regard to the eventual overall design or form of
parts.

Development Model = This is a model deslgned to
meet the performance requirements of the specifi-
cation and to establish technical requirements for

 production equipment, This model employs approved

parts or their interchangesble equivalents. It
may be used to demonstrate the reproducibility of
the equipment,

Prototype Model (Preproduction) - This 1s a

model suitable for complete evaluation of
mechanical and electrical form, design, and
performance. It is of final mechanical and
electrical form, employs approved parts, and

is completely representative of final equipe
ment. An equivalent of prototype is pre-
qualification or design frozen hardware. Pro=-
totype hardware need not have been manufactured
with production tooling.

Production Model - This is an equipment in its
final mechanical and electrical form, employs
approved parts, and is. completely representative
of final equipment. Schedule permitting, qualifi-
cation tests should be run on production model
equipment.,
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6.1.1h4
6.1.15

6.1.16

6.1.17

6.1.18

6.1.20

6.1.21

Operation, Continuous. - Duration greater than one

second.

Operation, Pulse Mode. = Duration less than one

second.

Points, 90 Percent of Rated Thrust. - The 90 per=

cent-of~rated thrust points are the time points during
thrust increase and decrease between which the thrust
is stabilized at greater than 90 percent of rated
value.

Pressure, Chamber Design. = The maximum expected pressure

in the chamber during operation.

Pressure, Effective Chamber, - The effective chamber

6.1.19 -

pressure is the area under the chamber pressure~time
curve between the two 90 percent-of-rated thrust
points divided by the time interval between these
points. '

Pressure, Mean Chamber, = The mean chamber pressure

is the area under the chamber pressure-time curve
divided by the duration.

Pressure, Maximum Expected Operating.i- The maximum

expected operating pressure is the highest pressure
that will appear in the PS/ICA. This value is
determined from test observations. ‘

Pressure, Proof. - At proof pressure there shall be no

permanent deformation of the item or total deformation
adversely affecting PS/TCA operation, or permanent set.

_ Eng-219¢
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6.1.22

6.1.23

6.1.2h

. 641,26

6.1,28

Pressure, Ultimate. « At ultimate pressure, there shall
be no structural fallure of the item.

Propellanﬁ, Referee. = A propellant lncorporating the

6.1 -25

most adverse constituents of the gpecification propellant
or which gpecifies propellant constituents after & 2«~year
storage period.

Ratio, Mean Mixture, - The mean mixture ratio (Wo/Myp) is
the total weight of oxldizer consumed divided by the total
welght of fuel consumed.

Replaceable Parts., « Replaceable parts are those parts

601027 .

that meet all the requirements of interchangeable parts
except that cutting or unbrazing of fittings for
removal 1s allowed.

Thrust. - Thrust (F) 1s the reactive force of the rocket
engine during operation.

Thrust, Effective. ~ The effective thrust is the effective

impulse divided by the time interval between the two 90
percent=-of-rated thrust points.

Thrust, Mean. = The mean thrust is the total impulse

divided by the duration.
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© 6.2 Symbols. = Symbols used in this specification are

Quantity Unit
Exit Area - | w2
Throat Area . in? |
thmber inner surface area in?
Thrust coefficient __ F Nondimensional
Cycles per second Po £
Characteristic velocity ft/sec
Double emplitude of vibration |
Thrust 1b
Earth gravity 32;2'ft/sec2
Inches
Instantaneous specific impulse 1b/1b/sec
Total impulse 1b sec
Charagteriatic length in
. Minutes
Lbad factor Nondimensional
Abselute pressure 1b/1n?
Chauber pressure, absolute Ib/in?

Instantaneous mixture ratio, Wo/Ms Nondimensional

Eng-279C
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6.2 (Continued)

Synbol Quantity Unit

T Absolute temperature Rankine

Vo Combustion chanmber volume in3

W Weight of fluid lbs

We Welght of fuel 1b

Wo Weight of oxidizer lb,“

w Fluid flow rate 1b/sec

Ve Fuel flow rate 1b/sec

Vo Oxidizer flow rate 1b/sec

1N | Efficiency percent

6.3 Subscripts. = .

Symbol Quantity

al altitude

c chamber

4 discharge

e exhaust nozzle; exit

. fuel

fr friction

F thrust

i inlet

Eng-279C
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6.3 (Continued)

Symbol Quantity

n nixture

o oxidizer

P pressure

8, 8D specific

sl standard sea level

st static

vp vapor pressure

W wall; surface

7 hevight

Eng-279C
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TABLE I

GENERAL REQUTREMENTS AND PERFORMANCE RATINGS (vacuuM)

General Requirements

Number of thrust chanbers required 16

Thrust cha{nber type Radistion cooled

Thrust chamber arrangement L clusters of 4 each

Oxidizer Nitrogen tetroxide

Fuel 1 50% hydrazine + 50% UDMH

System total propellant‘ 500 1bs. (nominal)

Number of tanks and pressure 2 oxidizer at 181 + 2 psia
nominal

2 fuel at 181 + k4 psia, nominal

Nominal Performance Ratings (Vacuum)

Thrust per chamber 100 1bs. + 5%
Thrust chanber pressure >+ *%
Nozzle area ratio, Ae/At Lo

Propellant Mixture ratio (by O/F weight)

Minimum impulse 5 1b. sec. + .1 1b. sec.
Thrust chamber operafinig life

‘(a.) 500 seconds of continuous thrust duration plus

(b) 500 seconds of accumilated on time during pulse mode operating
consisting of':

* To be determined by vendor
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TABLE I (Cont.)

(v) (1) .025 sec. electrical pulse width at 25 cps for 40O seconds

(2) Minimum impulse at .25 cps for remainder of time, = ©'° j
Start transient to 90% rated thrust
(meastired from initiation of a 28 volt
step ilnput) See Figure 4
Decay transient to 5% rated thrust \
(measured from termination of voltage
input) See Figure k4

Specific impulse (continuous
operation) 300 secs.

Specific impulse (pulsing mode
operation) See Figure 5

Eng-219C
. . EDP Sheet No.




pec. No. LSP-310-2

SPECIFICATION Date: 5-7-63

Page: 65

TABLE II

ENVIRONMENTAL AND LOAD CONDITIONS

The following conditions apply to tanks (T), components (C) and/or thrust
chamber clusters ("quads") (Q).

NOTES: 1. Factors of safety are not included in these levels. See
paragraph 3.3.1.1.

2. All accelerations are in "earth g's". Multiply by earth
weight or use 32.2 ft/sec® as appropriate.

(a) Pre~Launch

Temperature T, C, Q -65° to +160°F
Acceleration T, C, Q 2.67g vertical with 1.0g lateral
Shock ~ T, C, Q

Packaged Transporation, handling and storage

in shipping container shall not pro=-
duce critical design loads on the T,
C, Q and shall not increase the welght
of the T, C, Q.

Unpackaged 15g peak sawbtooth shock pulse as
gpecified in Table VI,

Vibration T, C, Q The following vibration levels are
specified during transportation,
handling, and storage. Vibration shall
be applied along three mutually per=
pendicular axes applied to container
(sweep at 1/2 octave/minute).

Less than 50 1b. to

cps 50 lbs. 1000 1bs.
5-2T7.5 cps +1l.23 ¢ +1.0¢g
27.5-52 cps L033DA L 02TTDA
52-500 cps + L6l g + 3.8k g
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Rain
‘Salt Fog

Humidity

Electromagnetic
Interference
Sand and Dust
Fungus

Ozone
Explosion

Pressure

(v) Launch and Boost

Temperature

Vibration

. Rendoni Vibration

(a) Pre-Launch (Continued)

TABLE IT (Continued)

T, C, Q

T, C, Q

T, €, Q

T, ¥, Q

T,

T,

Cy Q

In accordanée ‘with MIL-STD-810,
Method 506.

In accordance with MEL-STD-B.'LO R
Method: 509, - ’

95% Relative Humidity including éonden-
sggion in a temperature range of 09 to
160°F.

Per LSf- li?- 2

In sccordence with M'EL—STD»BJ.O ,
Method 510. -

In accordance with MIL-STD-810,"
Method 508,

Exposure with 0.05 pa.rts/millien con-
centration

In accordance with ML-STD-BlO,
Method' 511 '

0 to 50,000 ft. altitude atmospheric
pressure corresponding to

«65° to +160°F
+40° to +100°F

Sinusoldal vibration shall be supeyimposed

on the random vibration

Random vibration shall be 17 mins along
each of the three mutually perpendicular
axes with x, y andz..
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TABLE II (Continued)

(v) Launch and Boost (Continued)

* Random Vibration (Continued)

15 to 100 cps linear increase .006382 cps
to .03558%/cps R

100 to 1000 eps - constant .0355g¢</cps
1000 tg 2000 cps'lineg7 decrease

.0355¢ /epe to +0089g</cps,
ginusoidal 7, ¢, Q A sinusoidal #ibration shall be super-
Vibration imposed sweeping logarithmically from’

5 t0 2000 ecps in 6 minutes for each of
the mutually perpendicular axes X, ¥y

and Z. '

5 40 10 cps .154 in. DA
10 to 18 cps +. 778

18 to 56 cps - «O46 in. DA

56 to 2000 cps +T.Te

Acoﬁstics T, c, Q

o a b
Octave Band (cps) ILevel (db) Level (db)

9 to 18.8 1h2 -

18,8 to 37.5 1 -
37.5 to 75 141 143
75 to 150 138 149
150 to 300 134 155
300 to 600 130 155
600 to 1200 123 155
1200 to 2400 116 155
2400 to 4800 - 110 - 143
4800 to 9600 104 131
Overall 17 160

NOTE: Environment may be (a) or (b) but
not both together.
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Radiation T,
Electromagnetic ’r,
Interference
Humidlty T,
Sand and dust T, €
Altitude T,
Explosion T,
Acceleration T,
Meteoroids Q
(¢) Space Flight
Temperature* T,
Q
Q
Electromagnetic T,
Interference
Pressure T,
“ Altitude

TABLE II (Continued)

(b) Leunch and Boost (Continued)

C, Q
C, Q

Q2
-
H OLH L o

C, Q

See paragraph 3.5.1..
Same s pre-launch
Same &s pre-launch

Same as pre-launch -

10

Ses level to 1'x 107~ mm: .Hg.

Bame as pre-launch

X Tateral Pitch

Boost cond (a) 5.64 3.4 * l.EZ rad/
h sec

Boost cond (b) -l.hog - -

Same as Space Flight

40°F to 100°F ‘
Soler Flux " Whko BTU/ft.%nr.
Space -L60°F

BSame as pre-launch

lx lO'lu m Hg. uncontrolled vecuum -

* Temperature due to combined exposure of soler flux and space
shall be determined by Vendor.
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Mbteoroids

Radiation_Soufce
Ozoﬁe

Explosion

Acceleratién
(Condition)

Shock
€Condition a
Condition b

Vibration

Random
Vibration

Sinusoidal.
Vibration

TABLE IT (antinued)

(c¢) 8pace Flight (Continued)

Q

Flux considerations shall be based upon
Whipple's distribution of sporadic
meteoroids in accordance with Table VIT

T, C, Q See paragraph 3.5.1.

T, C, Q To be determined.

Same &8 pre«lsunch;

x Lateral Pitch
- J50g «110g 373 rad/sec?®
-+ 32g .093g A rad/sec? 0
-.8hg .12g 17,0 rad/sec

T, C, Q Sinusoidal vibration shall be superimposed

on the random vibration.

Random vibration shall be 6 mins. for
each of three mutually perpendicular
axes X, y and z.

5 to 100 cps linear increase ,00415g%/cps
to ,0237g%/cps

100 to 200 cps constant .0237g2/cps

200 to 2000 cps linear decrease .O237g2/‘
eps to .0089g</cps :

A sinusoidal vibration shall be super-
imposed sweeping logarithmically from

5 to 2000 cps in 2 minutes for each of
the three mutually perpendicular axes.

5 to 300 cps linear increase ,0924g to
1.925¢g '
300 to 1000 cps constant 1.925¢g
1000 to 2000 cps constant 1l.5kg
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Temperature*’ - Q
’ Q
Ty Cy
Electromsgnetie
Interference T, C, Q

Pressure Altitude T, C, Q

Vibration

Random
Vibration T, C, Q

Q.

TABLE I (Continued)

(4) Iunar Excursion (including ascent and descent)

External solar flux 440 BTU/hr-f£t°
Lunar - surfa.ce - =3009F to +250°F
Space = ~460°F

Internal « +40°F to 100°F

game as pre-lsunch

12

1 x 10" "“mm Hg

Meteoroids Q Flﬁx considerations shall be based
upon Whipple's distribution of
sporadic meteoroids in accordance

© with Table VII.

Rediation

Source T, C, Q see paragraph 3.5.1

"Accelerations T, C, Q : X Lateral Pitch

Condition Descentssss. 1.10g 16g 667 rad/sec? 5
Condition Ascent....ss 1.20g .06g 2.00 rad/se
Shock 7, C, Q Approx. 8g peak, a.ny axis for 10 to

20 ms (to be supplied at a later
date)

Sinusoidal vibration shall be super-
imposed on the random vibration

(due to engine) -

Random vibration shall be 11.5 mins.
for each of the three mutually per-
pendicular axes x, ¥y, & z

5 to 100 cps linear increase
,0051g2/cps to .OL15g2 /cps

*The thrust chamber temperature caused by exposure to expected combinations
of these environments including the effect of heating caused by the plume
during descent, hover and ascent shall be determined,
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(4) (Continued)

Sinusoidai
Vibration

TABLE IT (Continued)

100 to 550 cps constant .O415g%/cps

550 t0,2000 cps linear decrease .
.0k15¢°/cps to .0296g>/cps

(due to engine) .

A sinusoidal vibration shall be super
imposed sweeping logarithmically
from 5 to 2000 cps in 4 minutes for
each of the three mutually perpen-
dicular axes x, ¥y, & 2

5 to 400 cps linear increase .123 to

5.39¢
LOO to 2000 cps constant 5.39g

Vibration due to .operation of the PS/TGA to be sﬁpﬁlied by the vendor

(T, ¢, Q).
Ozone
Explosion

Sand and Dust

T, C, Q
T, C, Q
Q

To be determined.
Samé_as pre~launch: - -

To be sﬁpplied by_Gfumman
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TABLE VIII

ACCEPTANCE TEST CONDITIONS

To be supplied at a later date
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TABLE IX

WEIGHTS FOR THE PROPELLANT SYSTEM AND THRUST CHAMBER ASSEMBLIES

Item Wei@t
Propellant Tanks(l) 34.8 1vs.
Plurbing 29.8 1bs.

Fuel System Valves and Lines - 6.9
Oxidizer System Valves and Lines = 6.9

Thruster Isolation Valves - 16.0
Thrust Chanmber Cluster Assembly (4)
(16 1b/ass'y) 64.0 1bs,
Total 128.6 1bs.
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